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Abstract 
Introducing Relay Nodes (RNs) to conventional cellular networks in 3GPP LTE-A, the interference 
coordination in cellular networks will be more complex. The resource allocation of cellular networks with 
RNs should be taken seriously. The following aspects should be considered in the process of resource 
allocation with RNs 1) Interference mitigation, 2) Performance improvement brought by Relay. This 
paper proposes an Inter-Cell Interference Coordination (ICIC) scheme based on Shared Relay (ISR), 
which is utilized in cellular networks with RNs. The proposed scheme can either mitigates inter-cell 
interference or enhance throughput of cell edge users (CEUs) through intra cell frequency reuse. 
Simulation results show that the throughput and blocking rate of CEUs in proposed scheme is better than 
that in existing scheme.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.  Introduction  
In conventional cellular networks, the existing researches and strategies mainly focus on exploring 
interference mitigation technologies for Orthogonal Frequency Division Multiplexing (OFDM) based 
system. One of typical interference mitigation technologies is Soft Frequency Reuse (SFR) which is used 
to mitigation co-channel interference between adjacent cells through frequency reuse in cell edge. 
RNs are introduced to conventional cellular networks in 3GPP LTE-A to meet the requirements of cell 
coverage and throughput of cell edge users (CEUs) [1]-[3]. However RNs will cause new interference in 
existing cellular networks, which makes interference coordination much more complex.  
As shown in Figure 1, MS1 communicates with eNodeB 1 through RN1, and MS2 communicates with 
eNodeB2 through RN2. If the resources assigned for RN1-MS1 link is the same with that for RN2-MS2 
link, they will bring serious inter-cell interference to each other. Though RNs improves received power of 
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CEUs obviously, they bring new interference to the cellular networks. Therefore reasonable strategies of 
resource allocation to mitigate interference in Relay Enhanced Cells should be taken into consideration. 
Following aspects of resource allocation should be considered: 
Figure 1. Interference situation in Relay Enhanced Cells 
1) Interference coordination between Relay and Macro cell 
2) Frequency resources improvement for CEUs 
For the importance on resource allocation in Relay Enhanced Cells, Lots of researches have been done 
in this field. [4] presented a Soft Frequency Reuse (SFR) scheme which introduced RNs into the cell edge 
area. In [4], the Cell Center UEs (CCUs) take up the whole frequency resources to communicate with the 
eNodeB, while the relays cover the cell edge area, to enhance the received power of the CEUs who are 
only allowed to occupy the 1/3 orthogonal resources among adjacent cells. However, the spectrum 
utilization is still 1/3 and the UEs would be heavily blocked if the CEUs are saturated. [5] presented a 
novel scheme of resource allocation in Relay Enhanced Cells, which only focused on single cell structure 
without taking multi-cell environment into consideration. Besides, [5] didn’t take inter-cell interference 
coordination into consideration. In the scheme of resource allocation proposed in [6], CEUs’ resources are 
evenly divided into 7 parts in Relay Enhanced Cells and each part is allocated to one RN. If the 
distribution of CEUs is non-uniform, blocking rate of CEUs will increase heavily.  
In this paper, we propose an ICIC scheme based on Shared Relay (ISR) in LTE-A system. The 
remaining of the paper is organized as follows. In Section 2, we introduce the system model and 
assumption. Section 3 is description of the presented scheme. Simulation assumptions and results are 
presented in Section 4 and concluding remarks are drawn in Section 5. 
2. System Model And Assumption 
In the system, shared relay is deployed in multi-cellular system. System structure is shown in Figure 2. 
Figure 2. System Structure 
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As shown in Figure 2, centralized resource allocation is implemented by eNodeB. Each relay is shared 
by two adjacent cells. eNodeBs use 60edirectional antenna when transmitting data to RNs. Besides, in 
our assumption, Amplify and Forward (AF) and inband relay are adopted [8]  
2.1 Transmission Model 
In the system, whether a UE communicates with eNodeB directly or communicates with eNodeB 
through the two-hop RNs is decided by its received power. 
( ) ( ) ( , )Rue TbsP i P j Pathloss i j       (1)     
( )RueP i  represents received power from its belonged eNodeB, ( )TbsP j  is transmitting power of eNodeB, 
( , )Pathloss i j  is the path loss from eNodeB to UE. When ( )Rue RueP i Pth , ( RuePth  is the threshold 
of UE received power), UE, which we called two-hop UE, communicates with its belonged eNodeB 
through RN whose path loss is minimum from UE.  When ( )Rue RueP i Ptht , the one-hop UE 
communicates with its belonged eNodeB directly. 
In the system, the process of data transmission is divided into two time slots: the first time slot and the 
second time slot. 
The first time slot: As shown in Figure 3, eNodeBs transmit data to RNs with full power and its one-hop 
UEs directly with partial power. In this time slot, RNs only receive data from eNodeBs without 
transmitting any data.  
Figure 3. Data transmission in the first time slot 
The Second time slot: As shown in Figure 4, eNodeB continues to transmit data to one-hop UEs, while 
RNs transmit data to two-hop UEs. 
Figure 4. Data transmission in the second time slot 
2.2 Caculation Of Throughput 
In the system, we assume that the normalized durations of the two time slots are 1T  and  2T
with 1T = 2T .
The First time slot: 
In the first time slot, eNodeBs transmit data to one-hop UEs and RNs. So the calculation of throughput 
involves two parts which are eNodeB-UE link and eNodeB-RN link. 
The throughput of eNodeB-UE links in the first time slot is calculated by Shannon Equation: 
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1 _ _ 1 2 1 _ _* *log (1 )i bs to ue i i bs to ueC B T SINR   (2) 
1 _ _i bs to ueC  is the throughput of the i th UE in the first time slot, iB  represents the bandwidth of  the i th
UE, 1 _ _i bs to ueSINR  is SINR of the i th one-hop UE in the first time slot. 
1 _ _
r
1
( , )
Ri
i bs to ue k
i BS
j
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SINR
N I i j
 
 
¦
  (3) 
RiP  is the received power of the i th one-hop UE received power from target eNodeB in the first time slot. 
iN  is the noise power of i th PRB. ( , )rBSI i j  is the interference power which the i th one-hop UE 
received from the j th eNodeB in the first time slot. The total throughput of one-hop UEs in the  first time 
slot is: 
1 _ 1 _ _one hop i bs to ue
i
C C ¦                   (4) 
Throughput of eNodeB-RN link is represented by 
1 _ _ 1 2 1 _ _* *log (1 )m bs to rn m m bs to rnC B T SINR   (5) 
1 _ _m bs to rnC  is the throughput of the m th two-hop UE in the first time slot , 1 _ _m bs to rnSINR is the SINR 
of the m th two-hop UE in the first time slot. 
The Second time slot: 
In the second time slot, eNodeBs continue to transmit data to one-hop UEs, and RNs transmit data to 
two-hop UEs. So the calculation of the throughput in the second time slot also involves two parts which 
are eNodeB-UE link and RN-UE link. 
The throughput of eNodeB-UE links in the second time slot is similar to that in the first time slot. The 
total throughput of eNodeB-UE links (one-hop UEs) in second time slot is represented by 2one hopC  .
The throughput of RN-UE link in the second time slot is: 
2 _ _ 2 2 2 _ _* *log (1 )m rn to ue m m rn to ueC B T SINR   (6) 
Where, 2 _ _m rn to ueC  is the throughput of the m th two-hop UE in the second  time slot,
2 _ _
r r
1 1
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m BS RN
j n
P
SINR
N I m j I m n
  
 
 ¦ ¦
 (7) 
RmP  is the received power of the m th one-hop UE received power from the target RN in the first time 
slot. r ( , )RNI m n  is the interference from the n  th RN to the m  th two-hop UE. 
Calculation of  the total throughput: 
1 2( )one hop one hop one hopC C C            (8) 
one hopC  is the total throughput of one-hop UEs  
 The throughput of the  i  th  two-hop UE[7]  is: 
1 _ _ 2 _ _min( , )mtwo hop m bs to rn m rn to ueC C C     (9) 
So the total throughput of two-hop UEs is: 
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two hop mtwo hop
m
C C  ¦            (10) 
The total throughput of the system is calculated by: 
total one hop two hopC C C                   (11) 
3. ISR Description 
In order to improve QoS of cell edge users, the proposed scheme mainly focuses on the following 
aspects:
1) taking shared relay into the consideration of Inter-cell interference mitigation 
2) Throughput enhancement through intra-cell frequency reuse. 
Figure 5. The scenario of ISR 
The topology structure of the proposed scheme is shown in Figure 5. The total PRB is divided into 3 parts. 
Different color represents different sets of PRBs. They are represented by 1f  , 2f and 3f , and the total 
PRB  set is represented by 1 2 3{ }B f f f .
3.1 Scheme Of Resource Allocation 
Both static resource management and dynamic resources allocation strategies are taken into account in 
ISR scheme. Take cell A in Figure 4 for instance, PRB set 1f  is reserved for central area users, while the 
half of 2f and the half of 3f  are reserved for CEUs. Resources reserved for CEUs of cell A is represented 
by APRBrsB . When resources for CCUs are not enough, the unused resources reserved can be allocated to 
CCUs. So available resources for CCUs in cell A can be represented by: 
1 { / }APRBuc APRBrs APRBurcB f B B       (12) 
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APRBurcB  represents reserved resources which is already allocated to CEUs in cell A. 
Similarly, the proposed allocation scheme for CEUs also combines the static resource management 
together with dynamic allocation. Take cell A for instance, in RN1 controlled area, resources reserved for 
users in area 1 account for the half of 3f . However, when resources reserved for the users in area 1 are 
not enough, resources reserved for area 2 users can be allocated to area 1 users. Therefore available 
resources for area 1 users can be represented by 
1 1 2 2{ / }A PRBur A PRBrs PRBrs PRBurrB B B B    (13) 
1A PRBrsB  are the resources reserved for area 1 users. 2PRBrsB  are the  resources reserved for area 2 users. 
2PRBurrB  are the reserved resources which is already allocated to area 2 users. 
3.2 Performance Analysis 
1) Frequency Reuse In Cell Edge 
TABLE I. Resources usage in Isr 
Numbers of PRB in each cell N
Minimum available PRB s in cell center 
3
N
Maximum available PRB s in cell center N
 Average available PRB s in cell edge N
maximum available PRB s in cell edge 2N
Average number of RNs in each cell 3
As shown in TABLE ü, assuming there are N PRB s in each cell, when the distribution of users is 
uniform, the average available PRB s for CEUs in each cell are 
1
6
3 2
N
Nu u  . The spectrum 
efficiency of CEUs is 1. Besides RNs in cell edge area improve received signal quality of CEUs. 
2) Flexible frequency usage in cell center and cell edge 
In ISR scheme, because of centralized resource allocation by eNodeB, resources reserved for CEUs 
which are not used can be allocated to cell center users, while resources scheduling for CEUs is also 
flexible among adjacent eNodeBs through shared RNs. Take cell A for instance, when resources reserved 
for adjacent CEUs are totally allocated to CEUs in cell A, the maximum available PRB s   for CEUs in 
cell A are 6 2
3
N
Nu  . Allocation scheme in ISR can make available resources change with the number 
of users in its area. When users in one area increase heavily, it will not lead blocking rate to increase 
severely
4. Simulation Results 
4.1 Simulation Design 
The detailed parameters are explained in TABLEĊ.
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TABLE II. simulation parameters 
Parameters Values 
Carrier Frequency 2GHz 
Bandwidth 10 MHz 
Cellular Layout  7 cell sites 
ISD 1000m 
PRBs for data transmission 
per cell 
48 
eNodeB-UE channel 
model[9] 
(44.9-6.55log10(hBS))*log10(d)+ 
31.46+5.83log10(hBS)+23log10(f/5) 
hBS=25m,50m<d<5km 
eNodeB-RN channel 
model[9] 
40log10d+9.45-17.3(log10(hBS)+ 
log10(hMS)+2.7log10(f/5)-Pdirection
hBS=9m, hMS=0.5m,10m<d<5km, Pdirection=5dBi(antenna gain) 
Relay-UE channel model[9] 23.5*log10(d)+42.5+20log10(f/5) 
30m<d<8km 
Lognormal Shadowing 8dB 
Noise power spectral density -174dBm/Hz 
Maximum eNodeB Tx power 46dBm 
Maximum Relay Tx power 41dBm 
7 cells structure is implemented with two BSs sharing a RN in our simulation. Each cell is allocated to 
48 PRBs. UE distribution is uniform in each cell. In order to evaluate the system performance from light 
load to heavy load, UE numbers per cell varies from 10 to 100. Besides, for the purpose to compare with 
existing scheme, scheme of SFR with RNs in reference [4] is considered in our simulation. 
4.2 Analysis Of Simulation Results 
Figure 6. Throughput of CEUs with different UE numbers 
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Figure 7. Total throughput with different UE numbers 
Figure.6 and Figure.7 show that the throughput of CEUs and the total throughput of the system with 
UE numbers varying from 5 to 100. It can be seen in the two Figures, when cell load is light, the 
throughput of IRS and SFR with Relay (SFRR) in [7] are nearly the same. However, with the increasing 
number of UEs, the throughput of ISR is greatly improved compared to SFRR. This is because when cell 
load is heavy, the throughput in SFRR is seriously limited by the available resources. But in ISR, the 
available resources for CEUs is much more than that in SFRR  through intra-cell frequency reuse without 
server interference. 
Figure 8. Blocking rate of CEUs with different UE numbers 
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Figure 9. Total blocking rate with different UE numbers 
Figure.8 and Figure.9 show the blocking rate of CEUs and blocking rate of whole cell users, 
respectively. It can be seen that when cell load is heavy, blocking rate in ISR is lower than that in SFRR. 
This is because the available resources for CEUs increases obviously through intra-cell frequency reuse in 
ISR. But in SFRR, the available resources for CEUs is less than that in ISR which will cause serious 
blocked when cell load is high. 
5. Conclusions 
In this paper, we proposed a scheme of Inter-cell Interference Coordination base on Shared Relay(ISR) 
which can either mitigate inter-cell interference or enhance the throughput of CEUs through reasonable 
resources allocation in Relay Enhanced Cells. In addition, due to more available resources for CEUs in ISR 
through frequency reuse in cell edge, the blocking rate in our scheme is greatly improved. Simulation 
results show that in the proposed scheme better user experience can be obtained compared to the  reference 
scheme 
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